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(57) Angiogenesis, the generation of new blood ves- 
sels, is a complex process that is controlled by a multi- 
tude of factors such as the extracellular matrix, compo- 
nents of the blood clotting system and angiogenic fac- 
tors. The formation of blood vessels is accompanied by 
the formation of a so-called provisional matrix. Endothe- 
lial cells use the provisional matrix, among others, as a 
substrate for adhesion, migration and invasion. The pro- 
visional matrix is continuously build up and broken down 
until the new vessel is properly formed. This remodeling 



of the provisional matrix is regulated by the balanced 
action of various proteins. A key protein in the remode- 
ling of the provisional matrix is the serine protease plas- 
min. The present invention provides means and meth- 
ods based on proteinaceous molecules that enhance or 
sustain levels of plasmin near or at the site of unwanted 
angiogenesis through activation off plasminogen 
through tissue plasminogen activator. Through the 
means and methods of the invention the remodeling 
process of the provisional matrix can be tailored toward 
specific needs. 
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Description 

[0001] The present invention relates to methods and 
compositions for interfering in angiogenesis in a mam- 
malian, in particular a human. More specifically, the 
present invention relates to novel methods and means 
for preventing or at least inhibiting angiogenesis by pro- 
viding compounds which enhance or sustain the forma- 
tion of plasmin. 

The generation of new blood vessels, called angiogen- 
esis or neovascularization, is essential for tissue growth 
and tissue repair (Folkman, 1995a; Folkman, 1996; Os- 
sowski and Reich, 1983)(Regulation of angiogenesis 
(1997)edited by I.D. Golberg & E.M. Rosen Publischer 
Brikhauser Verlach Basel Switserland). Under normal 
physiological conditions, angiogenesis is observed dur- 
ing wound healing, fetal and embryonal development 
and formation of the corpus luteum, endometrium and 
placenta. Angiogenesis has also been found to play a 
role in diseases. Persistent, unwanted angiogenesis oc- 
curs in a multiplicity of disease states, including tumor 
growth, metastasis and diabetic retinopathy. In these 
disease states, prevention of angiogenesis could avert 
the damage caused by the invasion of new vessels. 
Strategies to prevent the development of new vessels 
in tumors and metastases have been effective in sup- 
pressing growth of these tumors (Folkman, 1995b; 
Voest, 1996). Therapies directed at control of the ang- 
iogenic process could lead to the abrogation or mitiga- 
tion of diseases in which angiogenesis is involved. 
[0002] Angiogenesis is a highly regulated proces. An- 
giogenesis is initiated by the release of angiogenic stim- 
uli, such as vascular endothelial growth factor (VEGF). 
Such stimuli act on the endothelial cells, which line the 
lumen of blood vessels. Upon stimulation the endothe- 
lial cells mediate the degradation of the basement mem- 
brane, which surround the endothelial cells in normal 
vessels. Angiogenic stimuli induce the formation of a 
provisional matrix and induce migration, proliferation 
and invasion of endothelial cells into tissue to form a 
new vessel. 

[0003] The formation of provisional matrix is a hall- 
mark of angiogenesis. Endothelial cells use the provi- 
sional matrix as substrate for adhesion, migration and 
invasion. As such the provisional matrix is also essential 
for endothelial cell survival, i.e. provisional matrix pro- 
teins can protect endothelial cells from undergoing ap- 
optosis (Isik et al., 1998). The provisional matrix is 
formed by the action of many molecules that also play 
a prominent role in coagulation and fibrinolysis. As such 
the formation of a provisional matrix resembles the for- 
mation and degradation of a blood clot or hemostatic 
plug. The formation of the provisional matrix is initiated 
by the action of tissue factor. Tissue factor is present in 
the subendothelial matrix on cancer ceils (Hu et al., 
1994) and induced on the cell surface of stimulated en- 
dothelial cells (Zucker et al., 1998). Expression of tissue 
factor has been linked to the angiogeneic properties of 



malignant tumors (Ruf and Mueller, 1996). As a result 
of tissue factor action thrombin is formed, which gener- 
ates fibrin from fibrinogen. The provisional matrix con- 
tains many proteins, including vitronectin, that are pro- 
5 duced in the liver and derived from blood. These pro- 
teins are recruted from blood, when vessels become 
permeable upon stimulation with angiogenic stimuli and 
are temporarily deposited to form part of the provisional 
matrix. 

10 [0004] The provisional matrix is continuously gener- 
ated and broken down, a process called remodeling, un- 
til a new functional vessel has been properly formed. 
Remodeling of the provisional matrix is strictly regulated 
by the balanced action of molecules, involved in the gen- 

15 eration and in the degradation of the matrix. The forma- 
tion of the serine protease plasmin through activation of 
its zymogen plasminogen is a key step in this process. 
Plasmin mediates proteolysis of the provisional matrix 
by cleaving fibrin, called fibrinolysis, as well as other ma- 

20 trix components. In addition plasmin mediates proteol- 
ysis indirectly by the activation of metalloproteinases, 
which in turn degrade other components of the extracel- 
lular matrix, including collagen. Given its pivotal role in 
matrix remodeling the formation of plasmin is tightly con- 

25 trolled by the balance between the action of plasmino- 
gen activators, plasminogen activator inhibitors and by 
inhibitors of plasmin, such as <x2antiplasmin. A shift in 
this balance, by either increasing the levels or activity 
of inhibitors or by enhancing the formation of plasmin 

30 have been shown to have profound effects on either en- 
dothelial cell adhesion, migration, angiogenesis, metas- 
tasis or tumor growth. 

The present invention now provides novel methods and 
means based on proteinaceous molecules that enhance 

35 or sustain levels of plasmin near or at the site of unwant- 
ed angiogenesis through activation of plasminogen 
through tissue plasminogen activator. 
Efficient activation of plasminogen by tissue plasmino- 
gen activator (tPA), a serine protease expressed almost 

40 exclusively by stimulated endothelial cells (Mandriota 
and Pepper, 1997), requires the presence of a cofactor, 
and fibrin is regarded as the principal fibrinolytic stimu- 
lator, but other proteins of the extracellular matrix, such 
as collagens, may also enhance plasminogen activation 

45 (Stack et al., 1990). Binding and activation of plasmino- 
gen is mediated by carboxyterminal lysine residues that 
are generated in fibrin during plasmin digestion (Fleury 
et al., 1993). Removal of the carboxy-terminal lysine 
residues by carboxypeptidases abrogates the stimula- 

50 tory effect of fibrin. 

Thrombin-activatable fibrinolysis inhibitor (TAFI), also 
named plasma procarboxypeptidase B or procarbox- 
ypeptidase U is a physiological fibrinolysis inhibitor 
(Nesheim et al., 1997). Activition of TAFI is mediated by 

55 thrombin or plasmin and thrombin mediated activation 
of TAFI is greatly enhanced by thrombomodulin, a cell 
surface protein made almost exclusively by endothelial 
cells. Therefore TAFI is believed to be a modulator of 
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the provisional matrix as it occurs during disease asso- 
ciated angiogenesis. In summary, the efficient formation 
of plasmin is mediated by proteins or protein fragments 
that contain an important carboxyterminal lysine resi- 
due. An important aspect of the present invention is to 5 
enhance or sustain the formation of plasmin, resulting 
in at least decreased amounts of provisional matrix and 
at least decreased ability of the provisional matrix to 
support angiogenesis. For example, proteinaceous mol- 
ecules comprising a lysin and/or arginin residue and/or 
a functional equivalent thereof, capable of providing en- 
hanced levels of plasmin in a mammalian through tPA 
mediated plasminogen activation may be used to stim- 
ulate the formation of plasmin. Alternatively and/or ad- 
ditionally, inhibitors of carboxypeptidases may be used 
to prevent the removal of carboxyterminal lysine resi- 
dues that stimulate plasmin formation. This novel ap- 
proach applies to a variety of angiogenesis mediated 
diseases. 

Thus the present invention provides a proteinaceous 
molecule comprising a lysin and/or arginin residue and/ 
or a functional equivalent thereof, capable of providing 
enhanced levels of plasmin in a mammalian through tPA 
mediated plasminogen activation. A functional equiva- 
lent of such a residue or molecule is a residue that is 
capable of performing the same function as the original 
residue, i.e. stimulate directly or indirectly the formation 
of plasmin. The stimulation is typically tPA dependent, 
therefore a tPA binding site is preferably present in the 
proteinaceous molecules according to the invention. A 
partial p-sheet may also be typically present in the pro- 
teinaceous molecules according to the invention. A 
good starting point for obtaining or designing proteina- 
ceous molecules according to the invention are compo- 
nents of the extra cellular matrix, in particular fibrin and 
vitronectin, which are natural activators according to the 
invention. Functiqnal equivalents thereof can be pre- 
pared by people of skill in the art without needing further 
explanations here. For sake of ease of production it is 
preferred that the proteinaceous molecules according 
to the invention are about 15- 35 amin acid residues 
long. It is preferred that the lysin, arginin, or their func- 
tional equivalent is carboxy-terminal or becomes car- 
boxy-terminal in situ. 

[0005] Several anti-angiogenic compounds have 
been used to prevent angiogenesis. The most common 
approach to inhibit angiogenesis, metastasis or tumor 
growth is to competitively inhibit angiogenic proteins or 
molecules. Examples include molecules that block 
growth factor mediated induction of angiogenesis, such 
as neutralizing antibodies to vascular endothelial growth 
factor.(Kuiper et al., 1998). Several compounds have 
been described that inhibit angiogenesis by inhibiting 
proteases, such as plasminogen activator, plasmin or 
metalloproteinases. These compounds include plas- 
minogen activator inhibitor 1, aprotinin, batimastat and 
marimastat. The mechanism of other anti-angiogenic 
compounds, including thalidomide, some of which may 



have unwanted side effects, is less well known. 
[0006] The present invention discloses the use of a 
novel strategy to prevent angiogenesis. In the present 
invention molecules are used that function as cofactor 
in tPA mediated formation of plasmin from plasminogen. 
Upon treatment with such cof actors excess plasmin is 
being generated, resulting in enhanced proteolysis and 
detachment of cells. The strategy is non-competitive 
and the process very efficient, because a single mole- 
cule can catalyze the formation of many plasmin mole- 
cules. In addition, by generating excess plasmin, this 
novel approach offers, in contrast to conventional strat- 
egies aimed at inhibiting proteases, a unique, efficient 
way to destroy the micro-environment and shrinkage of 
the affected pathological tissue. Finally, the strategy is 
specific for cells that express tPA, i.e. activated endothe- 
lial cells. 

One of the most prominent applications of the present 
invention lies in the treatment of diseases, including but 
not limited to cancer, in which degradation of a provi- 
sional matrix plays an essential role. 
[0007] The use of the proteinaceous molecules ac- 
cording to the invention is thus apparent and also part 
of the present invention. Thus in one embodiment the 
invention provides the use of a proteinaceous molecule 
comprising a lysin and/or arginin residue and/or a func- 
tional equivalent thereof, capable of providing enhanced 
levels of plasmin in a mammalian through tPA mediated 
plasminogen activation in the preparation of a medica- 
ment for the treatment of diseases related with angio- 
genesis. In a further embodiment the invention provides 
the use of a proteinaceous molecule comprising a lysin 
and/or arginin residue and/or a functional equivalent 
thereof, capable of providing enhanced levels of plas- 
min in a mammalian through tPA mediated plasminogen 
activation in the preparation of a medicament for the pre- 
vention of unwanted angiogenesis. 
In yet a further embodiment the invention provides the 
use of a proteinaceous molecule comprising a lysin and/ 
or arginin residue and/or a functional equivalent thereof, 
capable of providing enhanced levels of plasmin in a 
mammalian through tPA mediated plasminogen activa- 
tion in the preparation of a medicament for the break- 
down of extracellular matrix components. 
[0008] According to the invention it is also possible to 
provide the presence of molecules according to the in- 
vention in situ, by inhibiting their removal, e.g. through 
the presence of "carboxypeptidase inhibitors." The com- 
bination of both is especially advantageous. 
[0009] The invention also includes a method for the 
treatment of diseases associated with and/or dependent 
on angiogenesis comprising administering to a patient 
an effective amount of a proteinaceous molecule com- 
prising a lysin and/or arginin residue.and/or a functional 
equivalent thereof, capable of providing enhanced lev- 
els of plasmin in a mammalian through tPA mediated 
plasminogen activation, also optionally together with a 
carboxypeptidase inhibitor.Optinally, both activities are 
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pressed in one (fusion) molecule. 
One example of a disease mediated by angiogenesis is 
ocular neovascular disease. This disease is character- 
ized by invasion of new blood vessels into the structures 
of the eye, such as the retina or cornea. It is the most 
common cause of blindness and is involved in approxi- 
mately twenty eye diseases. In age-related macular de- 
generation, the associated visual problems are caused 
by an ingrowth of choriodal capillaries through defects 
in Bruch's membrane with proliferation of fibrovascular 
tissue beneath the retinal pigment epithelium. Ang- 
iogenic damage is also associated with diabetic retinop- 
athy, retinopathy of prematurity, corneal graft rejection, 
neovascular glaucoma and retrolental fibroplasia. Other 
diseases associated with neovascularization include, 
but are not limited to, epidemic keratoconjunctivitis, Vi- 
tamin A deficiency, contact lens overwear, atopic kera- 
titis, superior limbic keratitis, pterygium keratitis sicca, 
sjogrens, acne rosacea, phylectenulosis, syphilis, My- 
cobacteria infections, lipid degeneration, chemical 
burns, bacterial ulcers, fungal ulcers, Herpes simplex in- 
fections, Herpes zoster infections, protozoan infections, 
Kaposi sarcoma, Mooren ulcer, Terrien's mariginal de- 
generation, marginal keratolysis, rheumatoid arthritis, 
systemic lupus, polyarteritis, trauma, Wegeners sar- 
coidosis, Scleritis, Steven's Johnson disease, periphig- 
oid radial keratotomy, and corneal graph rejection. 
[001 0] Diseases associated with retinal/choroidal ne- 
ovascularization include, but are not limited to, diabetic 
retinopathy, macular degeneration, sickle cell anemia, 
sarcoid, syphilis, pseudoxanthoma elasticum, Pagets 
disease, vein occlusion, artery occlusion, carotid ob- 
structive disease, chronic uveitis/vitritis, mycobacterial 
infections, Lyme's disease, systemic lupus erythemato- 
sis, retinopathy of prematurity, Eales disease, Bechets 
disease, infections causing a retinis or choroiditis, pre- 
sumed ocular histoplasmosis, Bests disease, myopia, 
optic pits, Stargarts disease, pars planitis, chronic reti- 
nal detachment, hyperviscosity syndromes, toxoplas- 
mosis, trauma and post-laser complications. Other dis- 
eases include, but are not limited to, diseases associat- 
ed with rubeosis (neovacularization of the angle) and 
diseases caused by the abnormal proliferation of fibrov- 
ascular or fibrous tissue including all forms of prolifera- 
tive vitreoretinopathy. Another disease in which angio- 
genesis is believed to be involved is rheumatoid arthritis. 
The blood vessels in the synovial lining of the joints un- 
dergo angiogenesis. In addition to forming new vascular 
networks, the endothelial cells release factors and re- 
active oxygen species that lead to pannus growth and 
cartilage destruction. The factors involved in angiogen- 
esis may actively contribute to, and help maintain, the 
chronically inflamed state of rhaumatoid arthritis. 
[001 1] Factors associated with angiogenesis may al- 
so have a role in osteoarthritis. The activation of the 
chondrocytes by angiogenic-related factors contibutes 
to the destruction of the joint. At a later stage, the ang- 
iogenic factors would promote new bone formation. 



6 

Therapeutic intervention that prevents the bone de- 
struction could halt the progress of the disease and pro- 
vide relief for persons suffering with arthritis. Chronic in- 
flammation may also involve pathological angiogenesis. 
5 Such disease states as ulcerative colitis and Crohn's 
disease show histological changes with the ingrowth of 
new blood vessels into the inflamed tissues. Bartonel- 
losis, a bacterial infection found in South America, can 
result in a chronic stage that is characterized by prolif- 
ic eration of vascular endothelial cells. Another patholog- 
ical role associated with angiogenesis is found in athero- 
sclerosis. The plaques formed within the lumen of blood 
vessels have been shown to have angiogenic stimula- 
tory activity. 

15 [0012] One of the most frequent angiogeneic disease 
of childhood is the hemangioma. In most cases, the tu- 
mors are benign and regress without intervention. In 
more severe cases, the tumors progress to large cav- 
ernous and infiltrative forms and create clinical compli- 

20 cations. Systemic forms of hemangiomas, the heman- 
giomatoses, have a high mortality rate. Therapy-resist- 
ant hemangiomas exist. Angiogenesis is also responsi- 
ble for damage found in hereditary hemorrhagic tel- 
angiectasia. This is an inherited disease characterized 

25 by multiple small angiomas, tumors of blood or lymph 
vessels. The angiomas are found in the skin and mu- 
cous membranes, often accompanied by epistaxix 
(nosebleeds) or gastrointestinal bleeding and some- 
times with pulmonary or hepatic arteriovenous fistula. 

30 [0013] Angiogenesis is prominent in solid tumor for- 
mation and metastasis. Angiogenic factors have been 
found associated with several solid tumors. Tumors in 
which angiogenesis is involved include, but are not lim- 
ited to, solid tumors and benign tumors, such as neu- 

35 rofibroma, trachoma and pyogenic granulomas. Pre- 
vention of angiogenesis could halt the growth of these 
tumors and the resultant damage. 
[0014] Angiogenesis has been associated with blood- 
born tumors, such as ieukemias, any of the various 

40 acute or chronic neoplastic diseases of the bone marrow 
in which unrestrained proliferation of white blood cells 
occurs, usually accompanied by anemia, impaired 
blood clotting, and enlargement of the lymph nodes, liv- 
er and spleen. It is believed that angiogenesis plays a 
45 role in the abnormalities in the bone marrow that give 
rise to leukemia-like tumors. 

[0015] Angiogenesis is important in tumor metastasis. 
Angiogenesis allows tumor cells to enter the blood 
stream and to settle into a secondary site. Therefore, 
so prevention of angiogenesis could lead to the prevention 
of metastasis. 

[0016] The present invention provides among other 
things a method for the treatment of angiogenesis de- 
pendent or related diseases by using molecules that ef- 
55 ficiently promote or sustain tPA mediated plasmin for- 
mation. A major advantage for therapeutical application 
is that the method is selective for tPA. This implies that 
molecules based on the invention have a restricted and 
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localized action, namely at sites were tPA is available, 
such as on the surface of activated endothelial cells or 
certain tumor cells. In addition, the method offers the 
advantage that through enhanced plasmin formation, 
rather than decreased plasmin formation, the patholog- 5 
ical tissue may decline. 

[0017] Based on this invention, many different mole- 
cules may be designed. Molecules may be derived from 
proteins present in nature but may also be generated 
completely artificially as long as they contain a lysine, 
an arginine, an analogous moiety or a modified form of 
these, and as long as they stimulate tPA mediated plas- 
min formation. In an alternative embodiment of the in- 
vention the molecule is a natural plasmin generated 
cleavage product derived from fibrin. Non-limiting exam- 
ples of other molecules based on the invention are plas- 
min generated cleavage products of other provisional 
matrix proteins, including, but not limited to vitronectin. 
On the other hand however, also molecules may be 
used that are artificially made. 
[0018] It is clear to a person skilled in the art that onty 
the essential part or parts of a protein are required in 
the molecules of the invention. Thus deletions/inser- 
tions or mutations in non-relevant parts of the protein 
are anticipated to be equally or more effective as the 
entire molecule. 

It is also clear to a person skilled in the art that the pro- 
tein molecule of the invention may contain further func- 
tional units derived from different molecules exisiting in 
nature or artificial to broaden the functionality of the mol- 
ecule of invention. 

It is also clear to a person skilled in the art that a mole- 
cule artificially made, structurally related to the molecule 
of the invention but not containing a protein moiety are 
anticipated to be equally or more effective. 
[0019] Upon further study of the specification, draw- 
ings and appended claims, objects and advantages of 
this invention will become apparent to those skilled in 
the art. 

[0020] The invention is illustrated by the following 
drawings and examples, which are not to be construed 
in any way as imposing limitations upon the scope 
therof. On the contrary, it is to be clearly understood that 
resort may be had to various other embodiments, mod- 
ifications, and equivalents thereof which, after reading 
the description herein, may suggest themselves to 
those skilled in the art without departing from the spirit 
of the present invention and/orthe scope of the append- 
ed claims. To illustrate the method we have used fibrin 
degradation products (FDP) as molecules that are ca- 
pable of stimulating the tPA mediated formation of plas- 
min. In that respect, FDP serve as a model for a broad 
variety of molecules. 



EXAMPLES 

EXAMPLE 1 : Effect of FDP on subcutaneous tumor 
growth. 

[0021] A model of subcutaneous tumor growth of a 
mouse C26 colon carcinoma was used to evaluate the 
effects of FDP. Eleven days after tumor cell inoculation 
tumors of the control group had reached a volume of 
2719 ± 366 mm 3 . In mice treated with FDP the mean 
tumor growth was 71 9 ± 1 88 mm 3 . At similar concentra- 
tions, endostatin, another molecule with the ability to 
stimulate tPA mediated plasmin formation (see below), 
suppressed tumor growth as well but was slightly less 
effectively (tumor volume 1112 ± 372 mm 3 ). Treatment 
with tPA, which generates plasmin, suppressed tumor 
growth to a similar degree (tumor volume 492 ±215 
mm 3 ) as FDP. These result demonstrate that two mole- 
cules which fullfil the criteria of the proposed invention 
potently inhibited tumor growth. 
[0022] EXAMPLE 2 : Effect of FDP on endothelial 
cells in vitro. Treatment of BPAEC cells grown in mon- 
olayers caused dramatic morphological changes within 
24 hr, while untreated cells retain their characteristic cell 
shape (Fig 2a). More than 30% of the cells treated with 
FDP detached from the substratum (Fig 2b). 
[0023] EXAMPLE 3 : Effect of FDP, FPD derived syn- 
thetic peptide (aa 148-160), fragment (aa. 262-367) vit- 
ronectin and endostatin on plasmin generation. Various 
concentrations were added. 

Materials and Methods 

Endostatin 

[0024] The cDNA for murine endostatin (kindly pro- 
vided by dr. Fukai, Boston) was amplified by PCR and 
cloned into the prokaryotic expression vector pET15b. 
Recombinant murine endostatin was produced by Es- 
cherichia coii and purified on Ni 2+ -NTA-beads (Qiagen) 
as described (Boehm et al., 1997; O'Reilly et al., 1997). 

Fibrin Degradation Products (FDP) 

[0025] Fibrin degradation products (FDP) were gen- 
erated by plasmin digestion of fibrin. Human fibrinogen 
(Sigma, The Netherlands) at a concentration of 5 mg/ml 
was allowed to clot in 25 mM Tris : HCI~pH 7.47150 rriM 
NaCI by the addition of thrombin (1 .32 u.M final concen- 
tration) for 3 hr at 37 °C (thrombin was a generous gift 
of Dr. W. Kisiel, University of New Mexico, Albequerque, 
NM, USA). Clot lysis was accomplished by addition of 
plasmin (Roche, ). Plasmin was added at a molar ratio 
(plasmimfibrinogen) of 1 :300. Lysis was performed for 
20 hr at room temperature. After centrifugation the su- 
pernatant was passed through an aprotinin-sepharose 
column to remove plasmin. FDP were stored at -20 °C. 
Activity was determined using a plasminogen activation 
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assay. 

Vitronectin fragments 

[0026] The cDNA for human vitronectin was cloned 
from human liver, amplified by PCR and cloned into the 
prokaryotic expression vector pET15b. Recombinant 
vitronectin protein was produced by Escherichia coii as 
described for endostatin. 



10 



Measurement of plasmin activity 

[0027] Reactions were performed at 37 °C in HBS 
buffer (20 mM Hepes, 4 mM KCI, 137 mM NaCI, 3 mM 
CaCI 2 , 0.1 % BSA, pH 7.4) containing 50 *ig/ml plas- 
minogen with or without the addition of endostatin or 
FDP. The reactions were started by the addition tPA at 
a final concentration of 30 U/ml. At several time points, 
20 ui samples were taken and stopped with 20 \l\ buffer 
containing 150 mM eACA and 150 mM EDTA. Plasmin 
activity was determined in 96-well plates after the addi- 
tion of 20 u.l chromogenic substrate S-2251 at a final 
concentration of 1.6 mM. Increase in absorbance was 
measured at 405 nm for 10 min. 

Cells and culture conditions 

[0028] The mouse colon adenocarcinoma cell line C- 
26 was maintained as a monolayer culture in Dulbecco's 
Minimal Essential Medium (DMEM) supplemented with 
10% heat-inactivated fetal calf serum, penicillin (100 
units/ml), and streptomycin (100 \i g/ml) in a 5% C0 2 
environment. Confluent cultures were harvested by brief 
trypsinization (0.05 trypsin in 0.02% EDTA), washed 3 
times with PBS, and resuspended to a final concentra- 
tion of 5x1 0 6 cells/ml. The presence of single cell sus- 
pension was confirmed by phase contrast microscopy, 
and cell viability was determined by trypan blue staining. 

Cell detachment assay 

[0029] BPAEC (CCL-209) was obtained from the 
American Type Culture Collection (Rockville, MD) 
BPAEC were grown in Dulbecco's Modified Essential 
Medium (DMEM) with 20% fetal calf serum (FCS) and 
antibodies. BPAEC were seeded in 24-well culture dish- 
es and solvent control in DMEM containing 20 mM 
Hepes and 10 % FCS. Cell morphologh was examined 
by phase contrast microscopy. After 48 to 72 hours the 
detached cells were removed and the remaining at- 
tached cells were removed by trypsin exposure and 
counted. The percentage of detached cells was calcu- 
lated. 

Mice 

[0030] Male BALB/c mice were purchased from the 
General Animal Laboratory, University Medical Centre 
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20 



(Utrecht, The Netherlands). Animals were maintained 
with food and water ad libitum and kept on a 12-hour 
light/12 hour dark cycle. All animal studies were con- 
ducted on male, 6 to 8 week old mice. 

Tumor experiments 

[0031] Male BALB/c mice were inoculated with 10 6 
C26 colon carcinoma cells. Mice were treated daily by 
subcutanous injection with either saline or the com- 
pound to be tested for a period of approximately 14 
days. Serial caliper measurements of perpendicular di- 
ameters were used to calculate tumor volumes in mm 3 
using the formula: longest diameter x shortest diameter 2 
x 0.52. 

Statistical Analysis 

[0032] The statistical significance of differences be- 
tween groups was calculated by applying Students 
2-tailed t-test. Results are presented as the mean ± 
standard error of the mean. 
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Figure Legend 

[0033] Figure 1 : Effect of FDP on tumor growth. For 
comparison, treatments with Alteplase® (recombinant 
tPA) or endostatin is shown. FDP was given continuous- 
ly using Alzet® pumps (Alza, Palo Alto, CA, USA, type 
2001 or 2002) loaded with 200 ul FDP (5 mg/ml). In ad- 
dition every other day FDP was given subcutaneously 
at a dose of 7 mg/kg. 

[0034] Figure 2 : Effect of FDP on endothelial cell at- 
tachment, (a) Micrographs showing BPAEC monolayers 
of (I) control cells treated with PBS for 24 hr; (II) cells 
treated with 1 \iM FDP; (III) cells treated with 4 uM FDP; 
cells treated with 10 jiM FDP. 

[0035] Figure 3 : Effect on plasmin activity of endosta- 
tin (a), vitronectin fragment + (aa. 262-367) (b) FDP (c), 
peptide derived from FDP (aa. 148-160) (d) 
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Claims 

1. A proteinaceous molecule comprising a lysin and/ 
or arginin residue and/or a functional equivalent 
thereof, capable of providing enhanced levels of 
plasmin in a mammalian through tPA mediated 



12 

plasminogen activation for use as a pharmaceuti- 
cal. 

2. Use of a proteinaceous molecule comprising a lysin 
5 and/or arginin residue and/or a functional equiva- 
lent thereof, capable of providing enhanced levels 
of plasmin in a mammalian through tPA mediated 
plasminogen activation in the preparation of a med- 
icament for the treatment of diseases related with 

10 angiogenesis. 

3. Use of a proteinaceous molecule comprising a lysin 
and/or arginin residue and/or a functional equiva- 
lent thereof, capable of providing enhanced levels 

is of plasmin in a mammalian through tPA mediated 
plasminogen activation in the preparation of a med- 
icament for the prevention of unwanted angiogen- 
esis. 

20 4. Use of a proteinaceous molecule comprising a lysin 
and/or arginin residue and/or a functional equiva- 
lent thereof, capable of providing enhanced levels 
of plasmin in a mammalian through tPA mediated 
plasminogen activation in the preparation of a med- 

25 icament for the breakdown of extracellular matrix 
components. 

5. Use according to any one of claims 1-4, wherein 
said proteinaceous molecule is derived from fibrin, 

30 vitronectin, or another component of the extracellu- 
lar matrix. 

6. Use according to claim 5, wherein said proteina- 
ceous molecule is derivable by proteolytic cleavage 

35 from an extracellular matrix component. 

7. Use according to any one of claims 1-6 , wherein 
said lysin, arginin or functional equivalent thereof is 
a residue at or near a carboxy-terminus of said pro- 

40 teinaceous molecule. 

8. Use according to any one of claims 1-7, which com- 
prises from 15-30 amino acid residues. 

45 9. Use according to any one of claims 1-8, wherein 
said proteinaceous molecule comprises a (3-sheet 
and/or a tPA binding site. 

10. Use according to any one of claims 1-8, in combi- 
50 nation with an inhibitor of carboxypeptidase. 

11. A method for the treatment of diseases associated 
with and/or dependent on angiogenesis comprising 
administering to a patient an effective amount of a 

55 proteinaceous molecule comprising a lysin and/or 
arginin residue and/or a functional equivalent there- 
of, capable of providing enhanced levels of plasmin 
in a mammalian through tPA mediated plasminogen 
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activation. 

12. A method according to claim 11 , further comprising 
administering a carboxypeptidase inhibitor. 

5 

13. A method according to claim 11 or 12, in which the 
disease is associated with undesired angiogenesis. 

14. A method according to claim 11, 12 or 13, wherein 
extracellular matrix components at the site of un- 10 
wanted angiogenesis are degraded upon adminis- 
tration. 

15. A pharmaceutical formulation comprising a protein- 
aceous molecule as defined in any one of claims *5 
1-14. 

16. A pharmaceutical formulation according to claim 1 5 
further comprising a carboxypeptidase inhibitor. 

20 

17. A peptide of about 10-150 amino acid residues, 
comprising the sequence 262-367 of vitronectin, or 
a functional fragment and/or derivative thereof. 

18. A peptide according to claim 17, comprising 95-110 25 
residues. 



30 
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